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Sunday, February 16, 2014 117athe myofibril being uniformly enshrouded by SR) is between 20-30% even as
the heart rate ranged from 1 Hz to 5 Hz. The relatively small amount of SR
coverage needed for economic control of Ca2þ is consonant with Berg and
Purcell’s (Biophysical Journal 20:193-219) classic finding that, as a conse-
quence of the properties of diffusion, a small fractional covering of absorbers
on the cell surface performs almost as well as when the surface is entirely
covered by absorbers.
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The Naþ/Kþ ATPase (NKA) plays a critical role in maintaining the concentra-
tion gradients, across the plasma membrane, of potassium (which determines
the cell’s membrane potential) and sodium, the driving force behind crucial
ion-exchange processes, including calcium extraction via the sodium/calcium
exchanger. This function has been extensively studied, experimentally and by
computational simulations, within the context of the excitation/contraction
coupling in cardiac myocytes. An important source of complexity in these
strongly couple systems is the significant species-dependent variability of
physiological conditions under which NKA operates, particularly the intracel-
lular sodium concentration [Naþ]i. For example, [Naþ]i ~ 11 mM in rat ven-
tricular myocytes, and ~ 5 mM in guinea pig. An important question is whether
(1) NKA is maintained across species and operates in different species-specific
regimes; or (2) NKA shows significant species-dependent variations and hence
participates directly in defining physiological conditions. Most existing models
neglect this fundamental question by assuming a generic NKA formulation
derived from disparate experimental sources. To address this problem, we pro-
pose a biophysical framework for characterizing NKA function, specifically
designed for species-specific parameterization, and produce separate models
for rat and guinea pig NKA, each parameterized from fully consistent data
sets. We find that the apparent binding affinity for sodium in the rat is lower
by a factor of approximately three, whereas the overall pump current magni-
tude is roughly doubled, relative to guinea pig. These trends mirror those for
the [Naþ]i differences, suggesting that NKA kinetics compensates or has
adapted to its physiological conditions. Such comparisons allow an analysis
of the relative influence of cellular components, ionic conditions, and the
action potential on ion transport in cardiac contraction, and ultimately enable
the quantification of variations in physiological function of NKA across
biological contexts.
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Early afterdepolarization (EAD) is one of the main triggers for cardiac arrhyth-
mias. The intracellular sodium concentration ([Na]i) is critical in regulating
both intracellular calcium (Ca) homeostasis and membrane voltage (V).
However, the role of [Na]i in the formation of early afterdepolarizations
(EADs) is not completely understood. In this study, we applied mathematical
modeling to show that slow [Na]i accumulation can lead to a novel form of
aperiodic voltage dynamics where a sequence of action potentials (APs) with
EADs occurs intermittently during regular periodic pacing. We find that these
trains of EADs occur quasi-periodically and lead to intermittent EAD propaga-
tion and arrhythmias. The mechanism for these intermittent EADs can be traced
to the subtle feedback between Na and Ca fluxes (especially via Na/Ca ex-
change (NCX) and Na/K-ATPase (IPump)) and their effect on the AP duration
(APD). We analyzed the whole system by separating the slow [Na]i from the
fast V-[Ca]i subsystem. We found that the fast subsystem exhibits bistability
which leads to the observed EADs by forming hysteresis loops as [Na]i slowly
accumulates and dissipates. That is, [Na]i can gradually decline during stable
short APDs, but this gradually diminishes outward currents via IPump and
INCX, which can result in abrupt APD prolongation with EADs. But that
long APD gradually reverse the [Na]i decline, and shifts IPump and INCX
more outward, which at some point abruptly prevents EADs and reverses
APD prolongation. We argue that these intermittent EADs are robust and can
occur at physiological [Na]i. Our study further provides a possible novel mech-
anism for the intermittency of cardiac arrhythmias.611-Pos Board B366
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Diabetes mellitus is a complex disease that involves cardiomyopathy and
neuropathy. Ca2þ-Calmodulin dependent protein kinase II (CaMKII) is a nodal
molecule that participates in many physiological and pathological processes in
the heart. Diabetic hyperglycemia has been shown to activate CaMKII, through
a novel modification of O-linked N-acetylglucosamine (O-GlcNAc) at S279,
leading to cardiac arrhythmias at the whole heart/animal level. However, acute
hyperglycemia affects specific ion channels and thus action potentials (APs)
through O-GlcNAc activated CaMKII are still unclear. To investigate this ques-
tion, we measured APs and ionic currents on freshly isolated rat ventricular
myocytes under acute diabetic hyperglycemia challenge. Glucose (30mM)
perfusion significantly reduced the AP amplitude (82.755.7% of control,
n¼8, p¼0.011), depolarized the resting membrane potential (79.850.8 mV
for control vs. 73.451.8 mV for glucose, n¼8, p¼0.002), and prolonged
the AP duration (117.357.1% of control, n¼8, p¼0.001) on rat myocytes
whereas osmolality matched mannitol application did not change any AP
parameters. KN-93 (10uM) pre-incubation abolished the glucose effects,
indicating that acute glucose application changes cellular electrical activities
via a CaMKII-dependent manner. Together, these data provide evidence for
the arrhythmogenesis of acute hyperglycemia at the cellular level and suggest
that CaMKII-modulated ionic currents are responsible for the hyperglycemic
effects on APs.
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The spatial distribution of transient outward Kþ current (Ito) and Na/K pump
current (INaK) differ in ventricular epicardial, midmyocardial and endocardial
cells in a gradually decreasing pattern called transmural gradient. Due to a
lack of selective Ito blockers, it remains unclear whether changes in Ito alone
affect action potential duration (APD) in the ventricle. In this study we use
mathematical modeling to address the above question by modifying the kinetics
of Ito and INaK on the framework of Hund-Rudy model to incorporate the trans-
mural gradient. Model simulation results show that Ito of physiological values
does not affect APD, but artificially increasing Ito above its normal value in the
epicardium can prolong APD; further increasing Ito beyond a threshold cause
collapsing of the AP plateau phase and abrupt shortening of APD. These model
simulation results agree with the experimental data from using dynamic-clamp
to manipulate Ito (Sun and Wang, J Physiol 564:411-419, 2006). Moreover, our
simulation results show that the transmural gradient of Na/K pump also affects
APD. Together, the Ito and Na/K pump affect the intracellular Na
þ and Ca2þ
concentrations, which is manifest to influencing the late Naþ current and
Naþ/Ca2þ exchange current. Due to the interconnectedness of these currents
to Naþ and Ca2þ homeostasis, it is important to incorporate the transmural
gradient of ion channels and transporters into mathematical models in order
to understand their combined effects on modulating the AP properties across
the myocardium. Our modeling platform will help to decipher how the trans-
mural gradients can profoundly affect the cardiac conduction.
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Objective: Mechanical stress under pathological conditions such as hyperten-
sion, infarction and fibrosis can cause heart failure and arrhythmias. However,
little is known about the mechanotransduction mechanisms that underlie heart
disease development due to previous lack of practical techniques to control the
mechanical stress on single myocytes necessary for investigating at cellular and
molecular levels. Here we use this system to study the mechanical load
effects on modulating myocyte Ca2þ signaling and contraction dynamics.
Methods: Recently, we developed a novel Cell-in-Gel system that allows con-
trol of mechanical load on single rabbit myocytes during excitation-contraction
coupling in a 3D elastic gel matrix composed of polyvinyl alcohol (PVA) and
tetravalent boronate-PEG crosslinker. The mechanical load can be controlled
118a Sunday, February 16, 2014by adjusting gel stiffness with different mixing ratios of PVA and crosslinker.
Results:Myocyte contraction and calcium transients were measured in-gel and
compared with load-free cells. Contracting cells in-gel showed a significantly
lower fractional shortening (12.6 5 0.9 in-gel vs. 18.2 5 0.9 load-free,
p<0.001), demonstrating a ‘‘knock-down factor’’ of 31% when the myocyte
is pulling mechanical load. Contraction departure and return velocities were
significantly slower in-gel than in the load-free state as expected. However,
the systolic calcium transient was greater in-gel than load-free (Fura-2
fluorescence ratio peak height 1.47 5 0.09 in-gel vs. 0.87 5 0.04 load-free,
p<0.0001), revealing the mechano-chemotransduction that translates external
stress to intracellular Ca2þ increase. The calcium transient departure and
return velocities were also significantly higher in-gel than load-free.
Conclusions: Our newly-developed versatile Cell-in-Gel system provides a
novel experimental method to control mechanical stress at the single cell level
for investigating mechano-chemotransduction pathways in intact myocytes.
The above experimental results are consistent with our modeling predictions,
demonstrating the mechanical load effects on altering myocyte Ca2þ handling
and contraction dynamics.
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For ion channels to function properly, a precise number of channel proteins
need to be trafficked to exact locations on the cell surface membrane. Small-
conductance, Ca2þ-activated Kþ channels (SK) are predominantly expressed
in the atria and their role has been implicated in atrial fibrillation (AF).
Using yeast two-hybrid screen against human heart library, we identify filamin
A (FLNA) as a putative interacting protein with SK2 channel. Patch-clamp
recordings and immunofuorescence studies in neonatal and adult cardiac
myocytes as well as HEK293 cells suggest the interaction leads to an increase
in SK2 membrane localization. SiRNA knockdown of FLNA in neonatal my-
ocytes results in a decrease in the membrane localization of SK2 channels.
Additionally, the calcium dependency of SK2 channel membrane expression
was examined using Total Internal Reflection Microscopy (TIRF-M) and
immunofluorescence microscopy. Importantly, intracellular Ca2þ (Ca2þi) plays
a critical role in the membrane localization of SK2 channel when the channel is
co-expressed with a-actinin2, another cytoskeletal protein which we have pre-
viously shown to interact with SK2 channel. In conclusion, FLNA is a regulator
of SK2 channel expression. Moreover, SK2 membrane expression is critically
dependent on Ca2þi. An increase in Ca
2þ
i, for example, during AF, is predicted
to result in an increase in SK2 channel expression leading to shortening of the
action potentials.
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The normal function of ion channels depends critically on the precise subcel-
lular localization and the number of channel proteins on the cell surface
membrane. Small-conductance, Ca2þ-activated Kþ channels (SK) are unique
in that they are gated solely by changes in intracellular Ca2þ. The channels
are expressed in atrial cardiomyocytes and responsible for shaping atrial action
potentials. Understanding the mechanisms of SK channel trafficking may
provide new insights into the regulation controlling the repolarization of atrial
myocytes.
Surface membrane localization of SK2 channels were evaluated using Total
Internal Reflection Fluorescence (TIRF) Microscopy. SK2 channels were
tagged with Tomato fluorescent protein and expressed in HEK 293 cells. We
have previously demonstrated that the C and N termini of SK2 channels interact
with actin-binding proteins, a-actinin2 and filamin A, respectively. When SK2
channels were co-expressed with filamin A, the membrane fluorescenceintensity of SK2 channels increased significantly. Similar findings were
observed with the putative interacting cytoskeletal protein, a-actinin2. These
observations supported our notion that filamin A and a-actinin2, facilitate
the forward trafficking or decrease the retrograde trafficking. We next tested
the effects of primaquine and dynasore. Primaquine has been shown to
block the recycling pathway from endosomes while dynasore is known to be
a specific inhibitor of dynamin which is responsible for endocytosis. Treatment
with primaquine significantly reduced the membrane expression of SK2 chan-
nels. While treatment with dynasore failed to alter the surface membrane
expression of SK2 channels. Further investigations using constitutively-
active or dominant-negative forms of Rab GTPases provide additional insights
into the distinct roles of the two putative cytoskeletal proteins on the recycling
processes of SK2 channels from endosomes. a-actinin2 and filamin A facili-
tates SK2 channels recycling to the surface membrane through different endo-
somal pathways.
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Small conductance Ca2þ-activated Kþ channels (SK channels) have been first
identified in central nervous system, where they aid in integrating changes in
intracellular Ca2þ with the intrinsic excitability of neurons and affect the syn-
aptic transmission and plasticity. We have demonstrated that three members of
SK channel family (SK1, SK2 and SK3) are present in human and mouse
cardiac myocytes and contribute significantly to the repolarization process in
both mouse and human atria. Moreover, the three members can heteromulti-
merize to form functional channels. In this study, we directly tested the contri-
bution of SK3 channels to the overall repolarization of atrial action potentials.
We used a mouse model with site-specific insertion of a tetracycline-based
genetic switch in the 5’ untranslated region of the KCNN3 (SK3 channel)
gene so that SK3 expression could be decreased by dietary doxycycline admin-
istration without interfering with the normal profile of SK3 expression.
Whole-cell patch-clamp recording showed a significant shortening of the action
potential duration mainly at 90% repolarization (APD90) in atrial myocytes
from the homozygous SK3T/T animals. Conversely, treatment with dietary
doxycycline results in a significant prolongation of APD90 in atrial myocytes
from SK3T/T animals. We further demonstrated that the shortening of action
potential durations in SK3 over-expression mice predisposes the animals to
inducible atrial arrhythmias. In conclusion, SK3 contributes toward atrial
action potential repolarization, suggesting the pivotal role of the SK channels
in atrial myocytes.
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With 1000 people succumbing to sudden cardiac death each day in the United
States alone, it is imperative to continue to elucidate the molecular basis for
cardiac ion channel function and dysfunction. KCNE4 (MiRP3) is a 1TM Kþ
channel b subunit, inherited variants in which are associated with atrial fibril-
lation (AF) and Long QT Syndrome, a disorder linked to defective ventricular
myocyte repolarization. The mechanisms of pathology are unclear. Here, we
deleted the Kcne4 gene in mice and assessed the effects on cardiac function.
Transcriptomic analysis suggested no global gene remodeling and hemody-
namic parameters were normal. Electrocardiographic measurements revealed
normal cardiovascular electrical function at 5 months, but genotype-specific
QTc prolongation at 18 months of age. Consistent with this finding, using patch
clamp analysis of cardiac myocyte currents we discovered that older Kcne4-/-
mice exhibit diminished Kþ current in septal ventricular myocytes compared
to that of age- and sex-matched Kcne4þ/þ littermates. Kinetic and pharmaco-
logical analyses pinpointed the affected current to be the 50 mM 4-aminopyri-
dine (4-AP)-sensitive component of the IK,slow current, which is conducted in
mouse ventricles by the Kv1.5 delayed rectifier a subunit. We also found
that in CHO cells, KCNE4 co-expression increases the sensitivity of KV1.5
